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(57) ABSTRACT 

A method for communicating information between a plu 
rality of local area network sections having different trans 
mission speeds includes three steps. One step includes 
receiving, within the physical layer protocol, a packet that is 
transmitted from a source terminal in a source network 

section having a source transmission speed to a destination 
terminal in a destination network section having a destina 
tion transmission speed, the destination transmission speed 
differing from the source transmission speed. Another step 
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nation terminal. The method further includes the step of 

Publication Classi?cation re-transmitting, within the physical layer protocol, the 
received packet to the destination network section at the 

(51) Int. Cl.7 ................................................... .. G06F 15/16 destination transmission speed. 
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ETHERNET CROSS POINT SWITCH FOR 
CONNECTING MULTIPLE NETWORK SECTIONS 
WITH DIFFERENT SPEEDS WITHIN PHYSICAL 

LAYER PROTOCOL 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a system 
and method for connecting multiple network sections Within 
physical layer protocol, and more particularly, to a system 
and method for connecting multiple netWork sections Which 
may have different transmission speeds Within physical layer 
protocol. 

BACKGROUND OF THE INVENTION 

[0002] Data networks, in general, use multiple layers of 
communication protocols to effectuate data communication 
betWeen entities on the netWork. The loWest layer of the 
communication is often referred to as the physical layer. The 
second layer is often referred to as the packet layer. Com 
munication standards that include such multiple layer con 
nectivity include that de?ned in the ISO 8802/3IEEE 802.3 
speci?cation for 10Base-T local area netWorks. 

[0003] In accordance With such communication schemes, 
loWer layers are generally employed for local sWitching 
betWeen the netWork entities connected to a single hub. In 
general, physical layer sWitches are geographically limited 
in part because of the methodologies employed to detect 
Whether connectivity is available. According to the ISO 
standard, an source entity determines physical layer connec 
tivity by sending a packet to the hub, the packet being 
intended for a destination entity. When the hub receives a 
transmit packet, it repeats the packet to all entities that are 
connected to the hub. If another netWork entity has trans 
mitted a packet to the hub before the packet from the source 
hub is completely received by the hub, the source entity 
detects a collision and then determines that the transmission 
is unsuccessful. If hoWever, no collision is detected, the hub 
provides the connection to the destination entity and passes 
the transmitted packet directly through. 

[0004] Packet layer sWitching, Which typically occurs 
betWeen hubs of a larger netWork, includes the step of 
sending one or more packets to a packet sWitch from a 
source entity. The packet sWitch then stores (or holds) one or 
more packets and transmits the packets When connectivity to 
the destination entity or another intermediate sWitch is 
available. By contrast, in physical layer sWitching, as dis 
cussed above, the collision is made in real-time as the source 
entity packet is being transmitted. 

[0005] Accordingly, physical layer sWitching alloWs for 
faster communication than packet layer sWitching because 
physical layer sWitching does not involve the storage of 
packets in the intermediate sWitch. HoWever, packet layer 
sWitching is usually required to establish connectivity 
betWeen multiple local area netWorks (“LANs”). Thus, 
communication betWeen entities on multiple local area net 
Works is relatively sloW as compared to communication 
betWeen entities on the same local area netWork. 

[0006] A sWitching system has been proposed, hoWever, 
that alloWs multiple LANs to be connected at physical layer, 
thus providing increased communication speed. The sWitch 
ing system is described in US. patent application Ser. No. 
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09/203,012, ?led Nov. 30, 1998, Which is assigned to the 
assignee of the present invention and incorporated herein by 
reference. The system includes a space sWitching unit and a 
plurality of sWitch interface units coupled betWeen the space 
sWitching unit and a plurality of LANs. When a LAN 
provides a transmit packet to its sWitch interface unit, the 
sWitch interface unit establishes a ?rst unilateral path from 
the destination entity to the sWitch interface unit that is 
coupled to the source entity. If the sWitch interface unit 
detects activity on the ?rst unilateral path, the sWitch inter 
face unit provides a collision indication to the source entity 
before the source entity has ?nished transmitting the trans 
mit packet. Because the collision is provided before the 
source has ?nished transmitting the packet, the source entity 
logs a collision as it Would in any LAN collision. 

[0007] If, hoWever, the sWitch interface unit detects no 
activity on the ?rst unilateral path, the sWitch interface unit 
establishes a second unilateral path from the source entity to 
the destination entity to alloW communications. A ?rst-in 
?rst-out buffer or the like delays the transmit packet a 
suf?cient amount of time to alloW the collision determina 
tion to be made. 

[0008] Thus, the entire connection operation described in 
the US. patent application Ser. No. 09/203,016 is provided 
Within the standard communication requirements of a physi 
cal layer sWitching operation. As a result, connectivity 
betWeen multiple entities on multiple LANs may be accom 
plished relatively quickly. 
[0009] Within a LAN section, all terminals are typically 
communicatively connected to each other through a hub, 
Which repeats its received packets to all the terminals Within 
that LAN section. Therefore, all terminals Within a LAN 
section use the same transmission speed to communicate 
With each other. HoWever, the terminals in multiple LAN 
sections may use different transmission speeds. Connecting 
multiple LAN sections having different transmission speeds 
does not cause problem at packet layer because the packet 
layer protocol alloWs holding the packets received from 
source devices or terminals and transmits the received 
packets When connectivity to a destination entities is avail 
able. HoWever, connecting multiple LAN sections having 
different transmission rates imposes dif?culties Within 
physical layer protocol because substantial delay is not 
alloWed at physical layer. In addition, the methodology for 
interconnecting multiple LANs (or other netWork sections) 
described in US. patent application Ser. No. 09/203,016 
does not address the issue of interconnecting netWork sec 
tions that operate at different transmission speeds or data 
rates. 

[0010] Consequently, there is a potential need for connect 
ing multiple LAN sections having different transmission 
speeds Within physical layer protocol. 

SUMMARY OF THE INVENTION 

[0011] The present invention addresses the above need, as 
Well as others, by providing a method and arrangement for 
communicating information betWeen a plurality of local area 
netWork sections having different transmission speeds. To 
this end, a packet is received into a buffer and re-transmitted 
to a destination hub at a different speed. Delay is introduced 
to alloW a determination to be made as to Whether the 
destination hub is idle. HoWever, such determination is made 
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prior to receipt of the entire source packet in order to achieve 
connectivity at the physical layer. 

[0012] One exemplary embodiment of the present inven 
tion is a method for communicating information betWeen a 
plurality of local area netWork sections having different 
transmission speeds, the plurality of local area netWork 
sections employing a physical layer protocol in Which an 
unsuccessful transmission is communicated to a transmis 
sion source prior to completion of the transmission. One step 
includes receiving, Within the physical layer protocol, a 
packet that is transmitted from a source terminal in a source 
netWork section having a source transmission speed to a 
destination terminal in a destination netWork section having 
a destination transmission speed, the destination transmis 
sion speed differing from the source transmission speed. 
Another step involves determining the transmission speed 
for the destination terminal. The method further includes the 
step of re-transmitting, Within the physical layer protocol, 
the received packet to the destination netWork section at the 
destination transmission speed. 

[0013] Another embodiment of the invention includes an 
arrangement for sWitching betWeen a plurality of hubs that 
employ a plurality of data rates. The arrangement includes a 
cross point sWitch and data speed converter. The cross point 
sWitch has a plurality of ports, each port operably coupled to 
one of the plurality of hubs, the cross point sWitch operable 
to couple a ?rst port to a second port. The data speed 
converter is operable to receive packet data transmitted from 
a ?rst hub at a ?rst data rate, and is further operable to 
re-transmit the packet data to the ?rst port at a second data 
rate, the second data rate employed by a second hub con 
nected to the second port. 

[0014] The above-described features and advantages, as 
Well as others, Will become more readily apparent to those 
of ordinary skill in the art by reference to the folloWing 
detailed description and accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 shoWs an exemplary Ethernet sWitching 
system, in accordance With the present invention; 

[0016] FIG. 2 shoWs the space division sWitch illustrated 
in FIG. 1 in further detail, in accordance With the present 
invention; 

[0017] FIG. 3 shoWs a diagram of the structure of Ethernet 
packet; 

[0018] 
packet; 

[0019] FIG. 5 shoWs a source to destination sWitch matrix 
and a destination to source sWitch matrix Which are used to 
illustrate the principle to implement the connectivity 
betWeen three port inputs and three port outputs, in accor 
dance With the present invention; 

[0020] FIG. 6 shoWs the cross-point sWitch 201 illustrated 
in FIG. 2 in further detail, in accordance With the present 
invention; 

[0021] FIG. 7 shoWs further details of the control circuits 
as illustrated in FIG. 7, in accordance With the present 
invention; 

FIG. 4 shoWs a diagram of the structure of a jam 
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[0022] FIG. 8 shoWs further details in the data speed 
converter illustrated in FIGS. 2 and 6, in accordance With 
the present invention; 

[0023] FIG. 9 are timing diagrams of packet receipt and 
re-transmission Within the physical layer protocol in accor 
dance With the present invention; 

[0024] FIG. 10 shoWs a source to destination sWitch 
matrix and a destination to source sWitch matrix Which are 
able to perform the connectivity betWeen nine port inputs 
and nine port outputs, in accordance With the present inven 
tion; 

DETAILED DESCRIPTION 

[0025] Referring to FIG. 1, there is shoWn an exemplary 
Ethernet sWitching system 100, in accordance With the 
present invention. The Ethernet sWitching system 100 
includes a space division sWitch 101, a plurality of Hubs 
102.1, 102.2, 102.3, . . . , and 102.n, a plurality of terminals 

105-110, 116 and 117, and an administration computer 119. 
Each of the Hubs 102.1, 102.2, 102.3, . . . , or 102.n is 
coupled to the space division sWitch 101 via a respective link 
111.1, 111.2, 111.3, . . . , or 111.n. Each of the terminals is 

coupled to one of the Hubs. Each Hub 102.x may operate at 
one of a plurality of data transmission rates or speeds. 
Typical rates include 1 Mb/sec, 10 Mb/sec, and 100 Mb/sec. 

[0026] Each ofthe Hubs 102.1, 102.2, 102.3, . . . , or 102.n 
and its associated terminals constitutes a distinct netWork 
function that is capable of functioning as a stand alone unit. 
For example, if the terminal 105 Wishes to transmit a packet 
as illustrated in FIG. 3 to the terminal 106, this communi 
cation is done solely Within the Hub 102.1. Each of the links 
111.1, 111.2, 111.3, . . . , or 111.n comprises a transmit 

sublink and receive sublink as Will be illustrated in greater 
detail in FIG. 2. 

[0027] The administration computer 119 maintains 
address information pertaining to the various hubs 102.1, 
102.2, . . . , 102.n. The administration computer 119 further 

maintains hub speed control information that associates each 
connected hub With its operating hub speed. For example, 
the Hub 102.1 may operate at 1 Mb/s While the Hub 102.3 
operates at 10 Mb/s. The administration computer 119 
maintains a table or other data structure that identi?es the 
appropriate hub speed for each attached hub. Detail regard 
ing the use of the hub speed information is provided further 
beloW. 

[0028] In the example in Which the terminal 105 transmits 
a packet to the terminal 106, if a collision occurs in the 
transmission process, then a jam signal as illustrated in FIG. 
4 is transmitted to ensure that all terminals coupled to the 
Hub 102.1 recogniZe that a collision has occurred. For 
example, if the terminal 105 Was attempting to transmit a 
packet to the terminal 106 and another terminal Was trans 
mitting a packet at the same time on the Hub 102.1, then the 
terminal 105 detects a violation of the packet protocol 
(illustrated in FIG. 3). Upon detecting the violation (or 
collision), the terminal 105 generates a jam signal as illus 
trated in FIG. 4 and attempts to transmit the packet at a later 
point in time to the terminal 106. During the transmission of 
a packet from the terminal 105 to the terminal 106, no 
connection is made from the Hub 102.1 to any other Hubs 
through the space division sWitch 101. 
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[0029] If the terminal 105 Wishes to transmit a packet to 
the terminal 109, Which is coupled to the Hub 102.3, the 
terminal 105 transmits the packet to the Hub 102.1. In 
general, the space division sWitch 101 monitors the link 
111.1 for destination addresses in packets that do not cor 
respond to a terminal coupled to the Hub 102.1. When the 
space division sWitch 101 recognizes the destination address 
as designating the terminal 109, the space division sWitch 
101 monitors for the activity on its corresponding Hub 
102.3. 

[0030] In particular, the space division sWitch 101, upon 
recogniZing the destination address as being that of the 
terminal 109, establishes a unilateral path from the Hub 
102.3 to the Hub 102.1 via the link 111.3 and the link 111.1. 
If no packet is presently being transmitted on the Hub 102 .3, 
then the space division sWitch establishes the unilateral 
connection from the Hub 102.1 to the Hub 102.3 to facilitate 
transmission of the packet received at the Hub 102.1 from 
the terminal 105 to the terminal 109. 

[0031] If, hoWever, a packet is presently being transmitted 
on the Hub 102.3, then the space division sWitch 101 does 
not alloW the transmission of the packet from the terminal 
105 to the terminal 109. In such a case, the space division 
sWitch 101 signals collision to the terminal 105. 

[0032] In particular, because another terminal is transmit 
ting a packet on the Hub 102.3 and this packet is also being 
transmitted via the unilateral path, the space division sWitch 
101 provides a collision signal to the terminal 105 via the 
Hub 102.1. The transmission of the packet on the Hub 102.3 
is not interfered With since no transmission path Was setup 
from the Hub 102.1 to the Hub 102.3. 

[0033] The collision is signaled before the transmission of 
the packet from the terminal 105 to the space division sWitch 
101 is complete, in accordance With the physical layer 
protocol. 
[0034] To further the previous eXample, assume that the 
terminals 105 and 107 simultaneously attempt to transmit a 
packet to the terminal 109. The space division sWitch 101 
establishes a ?rst unilateral path from the Hub 102.3 to the 
Hub 102.1 and a second unilateral path from the Hub 102.3 
to the Hub 102.2. If it is also assumed that the terminal 110 
is transmitting a packet on the Hub 102.3, then the space 
division sWitch 101 does not alloW the Hubs 102.1 and 102.2 
to transmit the packets from their respective transmitting 
terminals to the Hub 102.3. The terminals 105 and 107 Will 
both detect collision signals generated by the space division 
sWitch 101 and attempt to transmit at a later point in time. 

[0035] Assume, hoWever, that the terminal 110 Was not 
transmitting a packet, and the Hub 102.3 Was idle When the 
terminals 105 and 107 both simultaneously started to trans 
mit a packet to the terminal 109. Both packets are alloWed 
to be transmitted via the space division sWitch 101 to the 
terminal 109 through the Hub 102.3. HoWever, the space 
division sWitch 101 detects a collision and generate a jam 
signal as illustrated in FIG. 4. 

[0036] The space division sWitch 101 is non-blocking. 
This alloWs tWo terminals, each being coupled to a different 
Hub, to be simultaneously transmitting via the space divi 
sion sWitch 101 to tWo destination terminals each being 
coupled to other Hubs. For example, the terminal 105 can be 
transmitting to the terminal 110 simultaneously With the 
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transmission of the terminal 108 to the terminal 116. In 
addition, a terminal can transmit to all other terminals 
utiliZing the broadcast capabilities of the space division 
sWitch 101. 

[0037] In accordance With the present invention, the space 
division sWitch 101 is further capable of converting from the 
transmission speed of the source hub to the transmission 
speed of the destination hub. To this end, the space division 
sWitch 101 contains at least one data speed converter as 
discussed further beloW. 

[0038] Referring to FIG. 2, there is shoWn the space 
division sWitch 101 illustrated in FIG. 1 in further detail, in 
accordance With the present invention. The space division 
sWitch 101 comprises a cross-point sWitch 201 and n front 
end interfaces 202.1, 202.2, 202.3, . . . , and 202.n that are 

coupled to the cross-point sWitch 201. Each of the links 
111.1, 111.2, . . . , or 111.n comprises a pair of sublinks, one 

being a transmit sublink 221.1, 221.2, . . . , or 221.n and 

other being a receive sublink 222.1, 222.2, . . . , or 222.n. 

Each of the sublink pairs is coupled to a respective front end 
interface 202.1, 202.2, . . . , or 202.n. For each Hub X, the 

transmit sublink 221.X is utiliZed to transmit data from a Hub 
102.X to the space division sWitch 101, and the receive 
sublink 222.X is utiliZed to receive data from the space 
division sWitch 101 and provide it to a Hub 102.X. The 
cross-point sWitch 201 receives n inputs (i.e. n port inputs) 
and sWitches the n inputs to n outputs (i.e. n port outputs). 
The n port inputs to the cross-point sWitch 201 are links 
211.1, 211.2, . . . , and 211.n. The n port outputs from the 

cross-point sWitch 201 are links 212.1, 212.2, . . . , and 

212.n. 

[0039] FIG. 2 shoWs the front end interface 202.1 in 
detail, Which includes a line interface (LI) 206.1, a digital 
phase lock loop (DPLL) 241.1, a data speed converter 207.1 
(Which includes a ?rst-in-?rst-out buffer), an address 
decoder 208.1, a multiplexer (muX) 209.1, a comparator 
237.1, a collision detector 238.1, and a jam generator 239.1. 

[0040] All packets transmitted on the Hub 102.1 are 
communicated to the line interface (LI) 206.1 via the sublink 
221.1. The information received by the line interface (LI) 
206.1 is transmitted to the muX 209.1 and digital phase lock 
loop (DPLL) 241.1. The DPLL 241.1 recovers the clock and 
data from the information received from the line interface 
(LI) 206.1 and transmits the clock and data to the ?rst in ?rst 
out buffer (FIFO) of the data speed converter 207.1. 

[0041] As Will be discussed further beloW, the muX 209.1 
has three modes of operation corresponding to its three 
inputs. In one mode of operation, the default mode, the muX 
209.1 selects the input being directly received from the line 
interface 206.1. This mode alloWs other front end interfaces 
202.X to monitor traffic on the hub 102.1 as necessary to 
determine Whether the hub 102.1 is idle. In a second mode 
of operation, the muX 209.1 selects the input from the 
address decoder 208.1 to transmit address and control infor 
mation to the cross point sWitch 201 for use by the control 
circuits located therein. In the third mode of operation, the 
muX 209.1 selects the input from the FIFO of the data speed 
converter 207.1 to transmit a packet from the hub 102.1 to 
a destination hub via the cross point sWitch 201. In such a 
case, the data speed converter 207.1 transmits the packet to 
the cross point sWitch 201 using the data speed used by the 
destination hub. 
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[0042] In general, in the ?rst mode of operation the muX 
209.1 remains in its default mode receives input from the 
line interface (LI) 206.1. In the default state, the data speed 
converter 207.1 also receives the data from the line interface 
206.1 so that the data can be monitored for incoming 
packets. The FIFO Within the data speed converter 207.1 has 
a capacity of several bytes to enable the delays needed to 
facilitate proper transmission betWeen hubs of different 
speeds. Further detail regarding the structure and operation 
of an exemplary data speed converter 207.1 as used herein 
is provided beloW in connection With FIG. 8. 

[0043] The address decoder 208.1 monitors the destination 
address of every packet as it is buffered in the data speed 
converter 207.1 to determine Whether the packet is destined 
for another Hub other than the Hub 102.1. To this end, the 
address decoder 208.1 receives address information via the 
link 118.1 from the administration computer 119. The 
address decoder 208.1 stores the address information in a 
table so that it may be used When needed. 

[0044] Consider the eXample in Which the terminal 105 is 
attempting to transmit a packet to the terminal 109. In the 
folloWing description, it is assumed that the hub 102.1 
operates at 1 Mb/sec and the Hub 102.3 operates at 10 
Mb/sec. When the address decoder 208.1 determines that the 
destination address ?eld from an incoming packet designates 
that the packet is going to the terminal 109 via the Hub 
102.3, the address decoder 208.1 signals the collision detec 
tor 238.1. 

[0045] The address decoder 208.1 then transmits an 
address and control information via the muX 209.1 and the 
link 211.1 (or port (1) input) to the cross point sWitch 201 to 
establish a unilateral (reverse) path from the Hub 102.3. To 
this end, the muX 209.1 operates in its second mode. The 
muX 209.1 in its second mode transmits the address and 
control information in a manner that is distinguishable from 
ordinary Ethernet data. In the eXample, described herein, the 
muX 209.1 transmits address and control information to the 
cross point sWitch 201 using a higher voltage bias level. As 
a result, the control circuitry Within the cross point sWitch 
201 can distinguish local address and control information 
(upon Which it may act) from Ethernet data to be transmitted 
(Which it should ignore). 

[0046] In any event, the cross point sWitch 201 establishes 
the reverse unilateral path. The unilateral path includes the 
sublink 221.3, front end interface 202.3, link 211.3, cross 
point sWitch 201 and link 212.1. The collision detector 
238.1, using the comparator 237.1, monitors this unilateral 
path to determine Whether the Hub 102.3 is idle. Details 
regarding the operations of the cross point sWitch 201 that 
establish the unilateral path from the Hub 102 .3 are provided 
beloW in connection With FIGS. 6, 7 and 8. 

[0047] If the Hub 102.3 is idle, then the collision detector 
238.1 enables the muX 209.1 so that the output of the data 
speed converter 207.1 can be transmitted via the link 211.1, 
cross-point sWitch 201, link 212.3, and link 222.3 to the Hub 
102.3. To this end, upon detecting that there is no activity in 
the Hub 102.3, the address decoder 208.1 establishes via the 
muX 209.1 a unilateral (forWard) path via the cross-point 
sWitch 201 to alloW the transmission of data from the link 
211.1 to the link 212.3. To transmit the packet, the muX 
209.1 reduces its output voltage level and transmits the 
packet data from the data speed converter 207.1 over the link 
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211.1. The data speed converter 207.1 transmits data at the 
transmission speed of the destination Hub 102.3, Which is 10 
Mb/sec. The data speed converter 207.1, hoWever, delays the 
transmission to ensure that it does not try to complete 
re-transmission prior to receipt of all of the incoming packet, 
Which is received at the much sloWer rate of 1 Mb/sec. 
Details regarding the operations of the cross point sWitch 
201 that establish the unilateral path to the Hub 102.3 are 
provided beloW in connection With FIGS. 6, 7 and 8. 

[0048] If, hoWever, the Hub 102.3 is not idle When the 
terminal 105 attempts to transmit a packet to it, the collision 
detector 238.1 detects the non-idle condition and does not 
establish the path from the link 211.1 to the link 212.3 via 
the cross-point sWitch 201. The collision detector 238.1 also 
activates the jam generator 239.1 so that the terminal 105 
can detect a collision. Then, the collision detector 238.1, 
using the address decoder 208.1, causes the cross point 
sWitch 201 to drop the link 211.3 to the link 212.1 connec 
tion. (See FIGS. 6, 7 and 8). 

[0049] During the transmission of a packet from the 
terminal 105 to the terminal 109, the terminal 110 may also 
commence transmitting a packet. In this situation, the ter 
minals 105 and 110 detect a collision and transmit the jam 
signal as illustrated in FIG. 4 to the Hub 102.3. The 
terminals 105 and 110 recogniZe the collision and Will 
attempt transmission of the packet at a later point in time. 

[0050] The Hubs 102.2, . . . , and 102.n are coupled to the 
cross-point sWitch 201 through the front end interfaces 
202.2, . . . , and 202.n, respectively. The structure and 

function of the front end interfaces 202.2, . . . , or 202.n are 

the same as that of the front end interface 202.1. 

[0051] Referring to FIG. 3, there is shoWn an Ethernet 
packet 300, Which includes a preamble ?eld 301, an start 
frame delimiter (“SFD”) ?eld 302, a destination address 
?eld 303, a source address ?eld 304, a length ?eld 306, a 
data ?eld 307 and an frame check sum (“FCS”) ?eld 308. 
Referring to FIG. 4, there is shoWn a collision jam signal (or 
jam packet) having a unique bit pattern (eg 10101 . . . ) for 
indicating collision conditions during Ethernet packet trans 
missions. 

[0052] Before explaining the present invention in further 
detail, it is helpful to summariZe the process of transmitting 
a packet from a source port to Hub through a 
destination port utiliZing the space division sWitch 101 
illustrated in FIGS. 1 and 2. The transmission process 
includes the folloWing steps: 

[0053] (1) establishing a ?rst unilateral path from the 
destination port to the source port (i); 

[0054] (2) detecting, at the source port via the ?rst 
unilateral path, Whether Hub is idle; 

[0055] (3) suspending the transmission and discon 
necting the ?rst unilateral path, if Hub is not idle; 

[0056] (4) establishing a second unilateral path from 
the source port to the destination port if Hub 

is idle; 

[0057] (5) transmitting the packet from the source 
port ?rst to the destination port then to Hub 
via the second unilateral path using the transmission 
speed of the Hub and 
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[0058] (6) disconnecting both the ?rst and second 
unilateral paths When the transmission operation is 
completed. 

[0059] It Will be appreciated from the above summary that 

the operation of transmitting a packet from a source port to a destination port involves a pair of cross points: a 

cross point (i, Which is utiliZed to establish a unilateral 
path from the source port to the destination port and 
a complementary cross point (j, i) Which is utiliZed to 
establish a unilateral path from the destination port to the 
source port Accordingly, the present invention uses tWo 
cross-point sWitch matrixes for establishing these tWo uni 
lateral paths, respectively. Moreover, in the exemplary 
embodiment described herein, a single control circuit con 
trols each cross point (i, and its complementary cross point 
(j, i). 
[0060] Referring to FIG. 5, there are shoWn tWo sWitch 
matrixes A and B Which are used to illustrate the principle 
to implement the connectivity betWeen three port transmit 
lines 211.1, 211.2 and 211.3 and three port receive lines 
212.1, 212.2 and 212.3, in accordance With the present 
invention. It Will be noted that actual matrices A and B 
Would be con?gured to implement connectivity betWeen 
substantially more than three ports, even Within a single 
integrated circuit. HoWever, FIGS. 5 and 6 shoW exemplary 
matrices providing connectivity betWeen three ports to 
clarify explanation of the principles of the invention. Those 
of ordinary skill in the art may readily implement the 
invention to a single integrated circuit providing connectiv 
ity betWeen up to 128 ports, or a matrix of integrated circuits 
providing connectivity betWeen several hundred ports as 
discussed beloW in connection With FIG. 10. 

[0061] In FIG. 5, the matrix Ais the source to destination 
matrix, While matrix B is the destination to source matrix. 
Each port transmit line 211.i forms a roW in the matrix A and 
also forms a column in the matrix B. Each port receive line 
212.j forms a column in the matrix A and a roW in the matrix 
B. The nine cross points in matrix A are denoted as: 

A(l, l), A(l, 2), A(l, 3) 

A(2, 1), A(2, 2), A(2, 3) 

A(3, 1), A(3, 2), A(3, 3) 

[0062] Each cross point A(i, (i, or j=1, 2, 3, . . . , n) is 
able to establish a unilateral path from a source port to a 
destination port 

[0063] The nine cross points in matrix B are denoted as: 

B(l, l), B(2, 1), B(3, 1) 

B(l, 2), B(2, 2), B(3, 2) 

B(l, 3), B(2, 3), B(3, 3) 

[0064] Each cross point B(j, i) (j, or i=1, 2, 3, . . . , n) is 

able to establish a unilateral path from a destination port to a source port 
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[0065] Each cross point A(i, in the matrix A is paired 
With a corresponding complementary cross point B(j, i) in 
the matrix B as illustrated by the dot line betWeen these tWo 
cross points (i, or j=1, 2, 3, . . . , n). 

[0066] When a packet needs to be transmitted from a 
source port to Hub Which is coupled to a destination 
port the cross point B(j, i) in the matrix B is activated to 

establish a ?rst unilateral path from the destination port to the source port (i), so that the activity of Hub can be 

monitored via the ?rst unilateral path at the source port If Hub is idle, the cross point A(i, in the matrix Ais then 

activated to establish a second unilateral path from the 
source port to the destination port so that a packet can 
be transmitted from the source port to Hub via the 
second unilateral path. After the transmission of the packet 
is completed, the cross points A(i, and B(j, i) are deacti 
vated to release the ?rst and second unilateral paths. 

[0067] Referring to FIG. 6, there is shoWn the cross-point 
sWitch 201 illustrated in FIG. 2 in further detail, using the 
principle illustrated in FIG. 5, in accordance With the 
present invention. The cross-point sWitch 210 includes tWo 
sWitch cross point matrices (A and B). The matrix A delin 
eated by solid lines is the source to destination matrix, and 
the matrix delineated by the dotted lines is the destination to 
source matrix. Each of the tWo matrixes has n roWs and n 
columns of cross points. HoWever, to facilitate description of 
the present invention, FIG. 6 speci?cally shoWs three roWs 
and three columns for each matrix. 

[0068] The matrixAincludes three roW connections 702.1, 
702.2, 702.3 and three column connections 704.1, 704.2, 
704.3. The three roW connections 702.1, 702.2, 702.3 are 
coupled, respectively, to the port transmit lines 211.1, 211.2 
and 211.3. The three column connections 704.1, 704.2, 
704.3 are coupled, respectively, to the port receive lines 
212.1, 212.2, 212.3. 
[0069] In other Words, the transmit line 211.i of port in 
the matrix Ais coupled to the roW connection 702.i, and the 
receive line 212.i of port in the matrix A is coupled to the 
column connection 704.i (i=1, 2, 3, . . . , n). The cross 
connections betWeen the three roW connections and three 
column connections forms a matrix of 3x3 cross points, 
Which is denoted as: 

A(l, l), A(l, 2), A(l, 3) 

A(2, 1), A(2, 2), A(2, 3) 

A(3, 1), A(3, 2), A(3, 3) 

[0070] Each cross point A(i, in the matrix A is able to 
establish a unilateral path from a source port to a 
destination port (i, or j=1, 2, 3, . . . , n). 

[0071] The matrix B includes three roW connections 
712.1, 712.2, 712.3 and three column connections 714.1, 
714.2, 714.3. The three roW connections 712.1, 712.2, 712.3 
are coupled, respectively, to the port receive lines 212.1, 
212.2 and 212.3. The three column connections 714.1, 
714.2, 714.3 are coupled, respectively, to the port transmit 
lines 211.1, 211.2, 211.3. 

[0072] In other Words, the receive line 212.i of port in 
the matrix B is coupled to the roW connection 712i, and the 



US 2002/0161912 A1 

transmit line 211.i of port in the matrix B is coupled to 
the column connection 714.i (i=1, 2, 3, . . . , n). The cross 
connections betWeen the three roW connections and three 
column connections forms a matrix of 3x3 cross points, 
Which is denoted as: 

B(1,1), B(2,1), B(3, 1) 

B(1, 2), B(2, 2), B(3, 2) 

B(1, 3), B(2, 3), B(3, 3) 

[0073] Each cross point B(j, i) in the matrix B is able to 
establish a unilateral path from a destination port to a 
source port (j, or i=1, 2, 3, . . . , n). 

[0074] It Will be appreciated from the above discussion 
that each port transmit line 211.i is coupled to a roW 
connection 702.i of matrix A and a column connection 714.i 
of matrix B. Likewise, each port receive line 212i is coupled 
to a roW connection 712.i of matrix A and a column 
connection 704.i of matrix B. 

[0075] The cross-point sWitch 201 further includes a 
matrix of (3x3) cross point control circuits (XPCs) that are 
denoted as: 

XPC(l, 1), XPC(l, 2), XPC(l, 3) 

XPC(Z, 1), XPC(Z, 2), XPC(Z, 3) 

XPC(3, 1), XPC(3, 2), XPC(3, 3) 

[0076] Each XPC(i, is coupled A(i, and B(j, i) so that 
the XPC(i, can individually control (activate or deactivate) 
both the cross point A(i, in the matrix A and its comple 
mentary cross point B(j, i) in the matrix B. Moreover, each 
XPC(i, in the ith roW is coupled to receive control/address 
signals from each port through the port transmit line 211.i 
and the roW connection 702.i. Thus, for example, the XPC(l, 
1), the XPC(l, 2), and the XPC(l, 3) are all coupled to 
receive information via the port transmit line 211.1. 

[0077] As illustrated in FIG. 2, each of n front end 
interfaces 202 is coupled to the cross-point sWitch 201. FIG. 
6 shoWs the connection details betWeen the front end inter 
faces 202.1 and 202.3 and the cross-point sWitch 201. 
Speci?cally, in the front end interface 202.1, the port trans 
mit line or link 211.1 is coupled to the line interface 206.1 
via the mux 209.1. The port receive line or link 212.1 is 
coupled to, among other things, the line interface (LI) 206.1. 
In the front end interface 202.3, the port transmit line 211.3 
is coupled to the line interface 206.3 via the mux 209.3 and 
the port receive line 212.3 is also coupled to the line 
interface (LI) 206.3. 

[0078] By the same token, all other front end interfaces are 
coupled to the cross-point sWitch 201 in the same Way as that 
of the front end interface 202.1 or 202.3. Speci?cally, the 
port transmit line 211.i is coupled to the line interface 206.i 
via the mux 209.i and the port receive line 212i is coupled 
to the line interface (LI) 206.i. 

[0079] Referring to FIG. 7, there are shoWn further details 
of the control circuits XPCs illustrated in FIG. 6, in accor 
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dance With the present invention. Speci?cally, FIG. 7 shoWs 
the ?rst and third roW connections 702.1 and 702.3 and ?rst 
and third column connections 704.1 and 704.3 in the matrix 
A. There are shoWn tWo control circuits in the ?rst roW 

connections XPC(l, 1) and XPC(l, 3); and tWo control 
circuits in the third roW XPC(3, 1) and XPC(3, 3). The 
matrix A includes four cross points A(1, 1), A(1, 3), A(3, 1) 
and A(3, 3). Each of four control circuits XPC(l, 1), XPC(l, 
3), XPC(3, 1) and XPC(3, 3) is coupled to and controls a 
respective cross point A(1, 1), A(1, 3), A(3, 1) or A(3, 3) and 
the matrix A. Each of four control circuits XPC(l, 1), 
XPC(l, 3), XPC(3, 1) or XPC (3, 3) also is coupled to, and 
controls a respective cross point B(1, 1), B (3, 1), B (1, 3) 
and B(3, 3) in the matrix B, Which are not shoWn in FIG. 7. 

[0080] In each of the control circuits illustrated in FIG. 7, 
the DA block is a register for storing the local destination 
address Which is received during operation via the port 
transmit line 211.i and the roW connection 702.i. The built-in 
address block BIA is non-volatile memory for storing the 
built-in destination address for that control circuit. For 
example, for XPC(i, j), its built-in address is DAj. The OP 
block is the register for storing the CONNECT_A, CON 
NECT_B or DISCONNECT operation request, also 
received via the port transmit line 211.i and the roW con 
nection 702.i. The COL block is con?gured to compare the 
destination address in the DA register With the built-in 
address stored in block BIA. When the destination address 
in the DA register matches the built-in address in block BIA, 
the COL block generates a control signal to the CH(A) and 
CH(B) blocks. Under the control of the OP block and COL 
block, each of the CH(A) and CH(B) blocks controls (acti 
vate or deactivate) a corresponding cross point in the matrix 
A and a corresponding complementary cross point in the 
matrix B, respectively. 
[0081] One feature of the present invention is the ability to 
sWitch betWeen netWork sections (hubs and terminals) that 
operate at different transmission speeds Within the physical 
layer protocol. In other Words, not only can the method of 
the present invention sWitch betWeen terminals connected to 
different hubs Within the physical layer protocol (i.e. detect 
ing a collision on a destination hub prior to completion of the 
transmission of the packet by the source terminal), but also 
to sWitch betWeen terminals connected to different hubs that 
use different transmission speeds. The ability to sWitch 
betWeen netWork sections using different transmission 
speeds greatly enhances the ?exibility of the netWork ele 
ments that may be connected at the physical layer. 

[0082] Referring to FIG. 8, there is shoWn further details 
in the data speed converter 207.i (i=1, 2, . . . , 11) illustrated 
in FIGS. 2 and 6, in accordance With the present invention. 
The data speed converter 207.i assists in coordinating the 
conversion betWeen different data transmission speeds. 

[0083] The data speed converter 207.i includes a FIFO 
1004.i, a packet length decoder 1005.i, a time delay 
(counter) 1006.i, a clock generator 1007.i, a clock control 
1008.i, a look-up table 1020.i, and a logic block 1022i. It 
Will be appreciated that the con?guration of the data speed 
converter 207.i shoWn in FIG. 8 is given by Way of example 
only. Those of ordinary skill in the art readily employ 
different con?gurations of a data speed converter 207.i 
according to the present invention. 

[0084] The FIFO 1004.i is connected to receive incoming 
packet data and clock information from the DPPL 241.i. The 
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FIFO 1004.i is further connected to transmit the received 
packet data to the muX 209.i in conjunction With the receipt 
of clock signals provide by the clock control 1008.i. The 
FIFO 1004.i preferably can store 1600 octets (or bytes) to 
ensure that an entire packet (or nearly an entire packet) may 
be stored prior to retransmission. Such storage is necessary 
When converting from a sloWer source to a faster destination. 
The FIFO 1004.i is further connected to the address decoder 
208.i to alloW the address decoder 208.i access to the 
destination address information upon receipt of those ?elds 
of the incoming packet. 
[0085] The packet length decoder 1005.i is a logic device 
or decoder that is operable to decode the length ?eld 306 (as 
illustrated in FIG. 3) received from the DPLL 241.i and 
routes the decoded packet length to the logic block 1022.i. 

[0086] The time delay counter 1006.i is a counter that 
includes a count input connected to the logic block 1022.i. 
The time delay counter 1006.i is operable to count doWn 
from the number provided by the logic block 1022.i, per 
forming a count for every clock pulse, until Zero is reached. 
Upon reaching Zero, the time delay counter 1006.i is oper 
able to provide a signal to the clock control 1008.i. The 
clock input of the time delay counter is operably coupled to 
receive clock signals from the clock generator 1007.i. 

[0087] The clock generator 1007.i is a device that is 
operable to generate clock pulses at a select one of a 
plurality of rates. The clock generator 1007.i is operably 
coupled to obtain input from the look-up table 1020.i 
representative of a desired clock rate. The clock generator 
1007.i provides an output clock that is consistent With the 
output of the look-up table 1020i. 
[0088] The clock control 1008.i is operably coupled to 
receive the clock signal from the clock generator 1007.i, 
receive a control signal from the time delay counter 1006.i, 
and provide as output the clock signal only When the control 
signal is present. To this end, the clock control 1008.i may 
suitably be an and-gate With its respective inputs coupled o 
the clock generator 1007.i and the time delay counter 1008.i. 
The output of the clock control 1008.i is operably coupled 
to the FIFO 1004.i to clock out the output of the FIFO 1004.i 
to the muX 209.i. 

[0089] The look-up table 1020.i is operably connected to 
receive speed information pertaining to the various possible 
destination hubs (or destination netWork sections) from the 
administration computer 119. The look-up table 1020.i 
receives such information from time to time and stores it as 
a table. The look-up table 1020.i is also operable coupled to 
receive destination address information from the address 
decoder 208.i. The look-up table 1020.i is operable to 
generate an output that is representative of the destination 
speed based on the received destination address information. 

[0090] The logic circuit 1022.i is operably connected to 
receive the destination speed information from the look-up 
table 1020i and the packet length from the packet length 
decoder 1005.i. The logic circuit 1022.i is operable to 
determine an appropriate amount of delay from the packet 
length, destination speed and source speed. The source 
speed is constant for the data speed converter 207.i because 
it is the speed of the Hub(i) to Which it is connected. As a 
result, the logic circuit 1022.i may either obtain the source 
speed information from some other circuit or the source 
speed may be inherent Within the operation of the logic 
circuit 1022.i. 
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[0091] The logic circuit 1022.i has basically three operat 
ing cases. In the ?rst case, the source speed is the same as 
the destination speed. In such a case, the logic circuit 1022.i 
provides as an output a count number representative of an 
appropriate delay. The appropriate delay is one that is 
necessary to alloW the address decoder 208.i to check the 
destination Hub(j) for activity and set up the transmission 
path to the destination Hub(j) if Hub(j) is determined to be 
idle. The count number is a representative of the appropriate 
delay in terms of the destination clock speed. In the ?rst 
case, the count number Will typically be a constant, prede 
termined value. 

[0092] In the second case, the source speed is greater than 
the destination speed. In such a case, the logic circuit 1022.i 
provides a different count number. As before, the count 
number is representative of the delay that is necessary to 
alloW the address decoder 208.i to check the destination 
Hub(j) and connect to it if it is determined to be idle. 
HoWever, because the destination clock speed is sloWer than 
the source speed, the count number Will typically be smaller 
than that used for the ?rst case. In other Words, While the 
delay time may be the same, the count number is less 
because it represents the delay time in terms of the sloWer 
destination clock speed. 

[0093] In the third case, the source speed is less than the 
destination speed. In such a case, the logic circuit 1022.i 
provides a count number that is representative of the delay 
that is necessary to ensure that the FIFO 1004.i does not run 
out of incoming packet data before the incoming packet is 
completely received. For example, if incoming packet data 
is received at 1 Mb/sec and the destination clock speed is 10 
Mb/sec, then there is a danger that the FIFO 1004.i may 
clock out a packet’s Worth of bytes before the last bytes of 
the incoming packet are received. As a result, garbage data 
Within the FIFO 1004.i Would be clocked out. Accordingly, 
to avoid such a result, the logic circuit 1022.i provides a 
delay that is based on the packet length and takes into 
consideration the destination clock speed. 

[0094] FIG. 8 shoWs the timing diagrams of packet trans 
mission from a source netWork section to a destination 
netWork section that illustrate the delays generated by the 
logic circuit count numbers under the ?rst, second and third 
cases of operation discussed above. 

[0095] Timing diagrams 902 and 904 shoW the timing 
diagrams representative of a packet transmission from a 
source netWork section to a destination netWork section 
Wherein both netWork sections operate at the same speed. 
Thus, timing diagrams 902 and 904 correspond to the ?rst 
case operation of the logic block 1022.i. The timing diagram 
902 represents the receipt of the packet from the source 
Hub(i) into the FIFO 1004.i. The timing diagram 904 
represents the transmission of the packet from the FIFO 
1004.i to the destination Hub(j) through the crosspoint 
sWitch 201. The delay t betWeen beginning of the receipt of 
the incoming packet and the beginning of the re-transmis 
sion of the packet should be suf?cient to alloW the address 
decoder 208.i to determine that the Hub(j) is idle and to set 
up the connection to the Hub(j). The delay t is controlled by 
the logic block 1022.i, as discussed above. It Will be noted, 
hoWever, that at least some of the delay t is attributable to the 
inherent delay in receiving the beginning of the incoming 
packet and parsing the destination address therefrom, Which 
occurs prior to the operation of the logic block 1022.i. 
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[0096] Timing diagrams 906 and 908 show the timing 
diagrams representative of a packet transmission from a 
source network section to a destination netWork section 
Wherein the source netWork section operates at a greater 
speed than the destination netWork section. Thus, timing 
diagrams 906 and 908 correspond to the second case opera 
tion of the logic block 1022.i. The timing diagram 906 
represents the receipt of the packet from the source Hub(i) 
into the FIFO 1004.i. The timing diagram 908 represents the 
transmission of the packet from the FIFO 1004.i to the 
destination Hub(j) through the crosspoint sWitch 201. As 
With the ?rst case illustrated by timing diagrams 906 and 
908, the delay t betWeen beginning of the receipt of the 
incoming packet and the beginning of the re-transmission of 
the packet should be suf?cient to alloW the front end 
interface 202.i to determine that the Hub(j) is idle and to set 
up the connection to the Hub(j). The delay t is controlled by 
the logic block 1022.i, and incorporates any inherent delay 
in the operation of address decoder 208.i. It Will be appre 
ciated that because the incoming packet is received at a 
faster rate than it is re-transmitted in the second case, the 
delay t should be chosen to ensure that the re-transmission 
at least begins before the incoming packet is completely 
received. Re-transmission should begin before the packet is 
completely received to ensure that the front end interface 
202.i can signal a collision to the source terminal prior to 
completion of the transmission of the packet in the event that 
the destination Hub(j) is not idle. 

[0097] In general, the delay t may be, but need not be, 
substantially the same for the ?rst case and the second case. 
As discussed above, the count number provided by the logic 
block 1022.i may differ in the ?rst and second case if the 
destination clock speeds differ. 

[0098] Timing diagrams 910 and 912 shoW the timing 
diagrams representative of a packet transmission from a 
source netWork section to a destination netWork section 
Wherein the source netWork section operates at a sloWer 
speed than the destination netWork section. Thus, timing 
diagrams 910 and 912 correspond to the third case operation 
of the logic block 1022.i. The timing diagram 910 represents 
the receipt of the packet from the source Hub(i) into the 
FIFO 1004.i. The timing diagram 912 represents the re 
transmission of the packet from the FIFO 1004.i to the 
destination Hub(j) through the crosspoint sWitch 201. In 
contrast to the ?rst and second cases, the delay tI, betWeen 
beginning of the receipt of the incoming packet and the 
beginning of the re-transmission of the packet is increased to 
alloW for the receipt of more of the incoming packet. In 
particular, because the re-transmission rate is higher, there is 
a potential for the re-transmission to attempt to transmit 
portions of the incoming packet data before they are 
received. Such attempts could result in erroneous data. 
Accordingly, the re-transmission is delayed to ensure that 
the re-transmission completes on or after receipt of all of the 
incoming packet. As discussed above, the logic block 1022.i 
determines the appropriate delay (at least in terms of deter 
mining a corresponding count value) based on the incoming 
packet length and the difference in clock rates. 

[0099] An exemplary operation of the circuits described 
above in FIGS. 1, 2, 6, 7, and 8 is provided beloW. The 
exemplary operation comprises the process of transmitting a 
packet from a Hub that is coupled to a source port to 
a Hub that is coupled to a destination port (i or j=1, 

Oct. 31, 2002 

2, . . . , n). In describing the process, it is assumed that the 
source port is port (1) and the destination port is port 
(3). More particular, it is assumed that the terminal 105 is the 
source terminal and the terminal 109 is the destination 
terminal. 

[0100] At ?rst, the source terminal 105 sends a packet to 
the front end interface 202.1 via the sublink 221.1. The 
packet travels at the source transmission speed, i.e. the speed 
of the Hub (1), Which is 1 Mb/sec. The packet propagates 
through the line interface 206.1 to the DPLL 241.1. The 
DPLL 241.1 recovers the clock and provides the clock and 
data to the FIFO 1004.1 (FIG. 9) and the packet length 
decoder 1005.1 (FIG. 9). As the destination address DAj 
information is received by the FIFO 1004.1, the address 
decoder 208.1 obtains the destination address DAj and 
determines the appropriate internal address Within the cross 
point sWitch 201. At this point, the FIFO 1004.1 continues 
to receive additional bytes of the incoming packet. 

[0101] The address decoder 208.1 monitors the destination 
address of the packet to determine Whether the destination 
address is located in the source Hub If the destination 
address is in the source Hub (1), then the cross point sWitch 
201 is not needed and the operation ends. HoWever, in the 
exemplary operation discussed herein, the destination 
address is connected to the Hub Accordingly, the opera 
tion continues as described beloW. 

[0102] The address decoder 208.1 transmits via the 3:1 
mux 209. 1, the destination address=DAj and operation= 
CONNECT_B to the port transmit line 211.1. In this 
example, the mux 209.1 sends the destination address (DA3) 
over the port transmit line 211.1 to control circuits XPC(1, 
1), XPC(1, 2), XPC(1, 3), . . . , XPC(1, n). Each of such 
control circuits in the ith roW receives and stores the DAj 
information in its DA register and the CONNECT_B infor 
mation Within its OP register. Thus, in the example described 
herein, the control circuits XPC(1, 1), XPC(1, 2), XPC(1, 
3), . . . , XPC(1, n) load their the DA registers With DA3 
indicating the destination port is port (3) and loads their OP 
registers With CONNECT_B. 

[0103] Thereafter, the COL block in each of the control 
circuits in the ith (?rst) roW compares its built-in DA address 
in the BIA block With the destination address received in 
their DA registers in step 904. In other Words, the COL block 
of each XPC(1, x) determines Whether the received infor 
mation includes DAj. If the built-in address does not match 
the received destination address, then the control circuit 
ignores this message. If the built in address matches the 
destination address, then the COL block of the control circuit 
XPC(i, generates and provides a control signal to its 
respective CH(A) and CH(B) blocks. Thus, in the exemplary 
embodiment described herein, the COL block that does not 
ignore the message is the COL block in XPC(1, 3). That 
COL block generates a control signal to its respective CH(A) 
and CH(B) blocks. 

[0104] The CH(B) block in the matched control circuit 
XPC(i, performs the operation stored in its OP register, 
CONNECT_B. Accordingly, the CH(B) block of the control 
circuit XPC(i, activates the cross point B(j, i) to establish 

a ?rst (reverse) unilateral path from the destination port to the source port In this example, the CH(B) block of the 

control circuit XPC(1, 3) activates the cross point B(3, 1). 
The ?rst unilateral path includes the link 211.3, the cross 
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point switch 201 and the link 212.1. It is noted that the link 
211.3 receives signals on the Hub (3) via the mux 209.3 from 
the direct link 240.3, Which bypasses the FIFO 241.3. 

[0105] Thereafter, the comparator 237.i and collision 
detector 238.i monitor, via the ?rst unilateral path, Whether 
Hub is idle. Thus, the comparator 237.1 and the collision 
detector 238.1 monitor the ?rst unilateral path to determine 
Whether Hub (3) is idle. 

[0106] If Hub (3) is not idle, the jam generator 239.1 
generates a collision jam signal, Which is then provided back 
to the Hub (1) and thus the source terminal 105. In accor 
dance With one aspect of the present invention, the collision 
jam signal is provided to the source terminal 105 before the 
source terminal 105 has completed transmission of the 
packet. As a result, the collision jam signal is provided in 
accordance With the physical layer sWitching protocol. In 
particular, as discussed above, in the physical layer, the 
source of the packet must detect a collision before it is done 
transmitting the packet. 

[0107] Continuing in the assumption that destination Hub 
is not idle, the address decoder 208.i sends, via the mux 

209.i, DAj and operation=DISCONNECT_B to the control 
circuits XPC(i, 1), XPC(i, 2), XPC(i, 3), . . . , and XPC(i, n). 
Only XPC(i, acts on this message. Speci?cally, the CH(B) 
in the control circuit XPC(i, deactivates the cross point 
B(j, i) in the matrix B to release the ?rst unilateral path. 
Thus, in the exemplary operation discussed herein, the 
control circuit XPC(1, 3) receives the DISCONNECT_B 
information and deactivates the cross point B(3, 1) respon 
sive thereto. The operation then ends. 

[0108] HoWever, assuming that the destination Hub is 
determined to be idle, the CH(A) block in the control circuit 
XPC(i, activates the cross point A(i, (A(1, 3) in this 
exemplary operation) to establish a second unilateral path 
from the source port to the destination port To this 
end, the address decoder 208.i preferably sends DAj and 
operation=CONNECT_A to all of the XPCs connected to 
the port transmit line 211.i. The control circuit XPC(i, then 
performs the received operation, CONNECT_A. Thus, in 
this example, the control circuit XPC(1, 3) causes the cross 
point A(1, 3) to be activated to establish the second (for 
Ward) unilateral path that includes the link 211.1, the cross 
point sWitch 201 and the link 212.3. 

[0109] In the meantime, the data speed converter 207.1 
operates as folloWs to control the How of data out of the 
FIFO 1004.1. In general, the data speed converter 207.1 
operates to delay the re-transmission of the incoming packet 
data by an appropriate that is based on the source netWork 
section transmission speed, the destination netWork section 
transmission speed, and in some cases, the packet length. 

[0110] In particular, the look-up table 1020.1 receives the 
destination address information from the address decoder 
208.1 and identi?es the destination clock speed therefrom. 
The look-up table 1020.1 provides information representa 
tive of the destination clock speed to the logic block 1022.1 
and the clock generator 1007.1. The logic block 1022.1 
identi?es Which of the ?rst, second or third case of operation 
(discussed above) is appropriate based on the destination 
clock speed and the source clock speed. The logic block 
1022.1 then determines the appropriate count number (to 
provide the appropriate delay in re-transmission) in accor 
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dance With the identi?ed case. The logic block 1022.1 
provides the count number to the time delay counter 1006.1. 

[0111] In the meantime, the clock generator 1007.1 gen 
erates a clock signal having the clock rate of the destination 
netWork section based on the information received from the 
look-up table 1020.1. The time delay counter 1006.1 pro 
vides no output signal, and thus the clock control 1008.1 
does not propagate the clock signal to the FIFO 1004.1. As 
a result, the FIFO 1004.1 does not immediately re-transmit 
any of the incoming packet data to the mux 209.1. 

[0112] The time delay counter 1006.1 then counts doWn 
from the count number using the clock generated by the 
clock generator 1007.1. When the time delay counter 1006.1 
counts to Zero, the time delay counter 1006 then provides the 
control signal to the clock control 1008.1 and holds it there. 
The clock control 1008.1 then propagates the clock signal 
through to the FIFO 1004.1 responsive to the control signal. 

[0113] The FIFO 1004.1 responsive to the clock signal, 
clocks out the packet data in ?rst in, ?rst out format at the 
destination clock speed. The FIFO 1004.1 provides the data 
to the mux 209.1, Which in turn propagates the data through 
the second (forWard) unilateral path to the destination Hub 
(3). Speci?cally, the packet in the FIFO 207.1 propagates to 
the port transmit link 211.1 and then to the port receive link 
212.3 via cross point A(1, 3). 

[0114] During the delay and at least While the incoming 
packet is being received, the collision detector 238.1 con 
tinues to monitor Whether the Hub (3) remains idle. If the 
destination Hub (3) does not remain idle, the jam generator 
239.1 generates a collision jam signal and end the transmis 
sion. In general, hoWever, no terminal connected to Hub (3) 
Will start transmission once the Hub (3) starts receiving the 
packet from the Hub (1) front end interface 202.1. Accord 
ingly, collisions typically Will not occur once the FIFO 
1004.1 starts clocking out the packet. 

[0115] Once re-transmission of the packet from the FIFO 
1004.1 is complete, the address decoder 208.1 sends to the 
control circuits in the ith roW the folloWing information: 
operation=DISCONNECT_AB and DAj. HoWever, only the 
control circuit XPC(i, acts on this message. Speci?cally, 
the CH(B) in the control circuit XPC(i, deactivates the 
cross point B(j, i) (B(3, 1) in this example) in the matrix B 
to release the ?rst unilateral path. At the same time, the 
CH(A) in the control circuit XPC(i, deactivates the cross 
point A(i, (A(1, 3) in this example) in the matrix A to 
release the second unilateral path. The operation then ends. 

[0116] Thus, the present invention alloWs for sWitching 
betWeen netWork sections that use different transmission 
rates or speeds. Thus, not only can physical layer sWitching 
occur betWeen different netWork sections or hubs, but also 
betWeen different netWork sections or hubs using different 
data rates. 

[0117] In the exemplary embodiment described above, the 
control of both cross points necessary to perform a physical 
layer sWitching operation through communication to only a 
single control circuit. Moreover, in the preferred embodi 
ment described above, communication of information to the 
cross points may be accomplished through the same port 
transmit link that carries the transmitted packet. 

[0118] It Will be appreciated that the form of the control 
circuits may vary. Those of ordinary skill in the art may 
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readily devise other control circuits that receive address and 
control information and control complementary cross points 
to establish reverse and forWard path communication links 
in the sequence described generally above. Such other 
control circuits may require someWhat different control 
signals. For example, one other control circuit may include 
some state machine functionality that eliminates the need for 
separate CONNECT_B and CONNECT_A operations. Such 
a circuit may only receive CONNECT information (and DAj 
information) and determine What operation to execute based 
on its current state. Likewise, other control circuits may 
merely require a DISCONNECT operation instead of sepa 
rate DISCONNECT_B and DISCONNECT_AB. 

[0119] In other alternative embodiments, the data speed 
converter 207.1 may readily be incorporated into other space 
division sWitch arrangements that perform inter-hub sWitch 
ing in the physical layer protocol. For example, those of 
ordinary skill in the art may readily modify the data speed 
converter 207.1 for use as a substitute for the FIFO circuit 
in the front end interface circuit of the space division 
sWitches disclosed in US. patent application Ser. No. 
09/203,016 and US. patent application Ser. No. 09/747,911, 
both of Which are incorporated herein by reference. 

[0120] Referring to FIG. 10, there is shoWn a source to 
destination matrix A and a destination to source matrix B, 
With each of the matrixes having six roWs and six columns, 
in accordance With the present invention. FIG. 10 illustrates 
that the principle described in connection With FIG. 5 can be 
readily extended to a multiple integrated circuits that contain 
a portion of each of matrices A and B to expand the sWitch 
siZe. Note that each integrated circuit in FIG. 10 is com 
prised both the source to destination matrix and the desti 
nation to source matrix. 

[0121] While the invention has been illustrated and 
described in detail in the draWings and foregoing descrip 
tion, such illustration and description is to be considered as 
exemplary and not restrictive in character, it being under 
stood that only the preferred embodiment has been shoWn 
and described and that all changes and modi?cations that 
come Within the spirit of the invention are desired to be 
protected. 
We claim: 

1. A method for communicating information betWeen a 
plurality of local area netWork sections having different 
transmission speeds, the plurality of local area netWork 
sections employing a physical layer protocol in Which an 
unsuccessful transmission is communicated to a transmis 
sion source prior to completion of the transmission, the 
method comprising the steps of: 

a) receiving, Within the physical layer protocol, a packet 
that is transmitted from a source terminal in a source 

netWork section having a source transmission speed to 
a destination terminal in a destination netWork section 
having a destination transmission speed, the destination 
transmission speed differing from the source transmis 
sion speed; 

b) determining the transmission speed for the destination 
terminal; and 

c) re-transmitting, Within the physical layer protocol, the 
received packet to the destination netWork section at 
the destination transmission speed. 
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2. The method of claim 1, further comprising, prior to step 
c, determining Whether the destination netWork section is 
busy prior to the re-transmitting step. 

3. The method of claim 2, further comprising, after step b, 
determining Whether the destination netWork section is busy 
prior to the re-transmitting step. 

4. The method of claim 1, Wherein the step c further 
comprises commencing re-transmission of the received 
packet before the source terminal completes its transmission 
of the packet. 

5. The method of claim 4, further comprising delaying the 
re-transmission of the received packet. 

6. The method of claim 5, further comprising: 

commencing re-transmission of the received packet at a 
higher speed after receiving only a portion of the 
received packet; 

re-transmitting the received packet continuously at the 
higher speed; and 

completing re-transmission of the received packet after 
completely receiving the received packet. 

7. The method of claim 1, further comprising: 

controlling a cross point to connect the source netWork 
section to the destination netWork section. 

8. The method of claim 2, further comprising: 

controlling a ?rst cross point to unilaterally connect the 
destination netWork section to an interface circuit; 

employing the interface circuit to determine Whether the 
destination netWork section is busy. 

9. The method of claim 8, further comprising: 

controlling a second cross point to unilaterally connect the 
source netWork section to the destination netWork sec 
tion if the interface circuit determines that the destina 
tion netWork section is not busy. 

10. The method of claim 8, further comprising: 

signaling a collision to the source netWork section if the 
interface circuit determines that the destination net 
Work section is busy. 

11. A method for communicating information betWeen a 
plurality of local area netWork sections having different 
transmission speeds, the method comprising the steps of: 

a) receiving a packet that is transmitted from a source 
terminal in a source netWork section having a source 
transmission speed to a destination terminal in a des 
tination netWork section having a destination transmis 
sion speed, the destination transmission speed differing 
from the source transmission speed; 

b) determining the transmission speed for the destination 
terminal; 

c) determining Whether the destination netWork section is 
not busy prior to receiving all of the packet; and 

d) re-transmitting the received packet to the destination 
netWork section at the destination transmission speed if 
the destination netWork section is determined to be not 
busy. 

12. The method of claim 11, Wherein the step c further 
comprises commencing re-transmission of the received 
packet before the source terminal completes its transmission 
of the packet. 




